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Summary: Ferricyanide oxidation of the dianions of phenolic B-diketones 2 effects intramolec-
ular phenoxy-enoxy radical coupling to form spiro systems derived from C-C bond formation para

or ortho to the phenolic oxygen.

The intramolecular coupling of two phenoxy radicals to form a new carbon-carbon bond
has been long recognized as a major biosynthetic and important synthetic route to certain
alkaloids and polyketide substances.2 We are unaware of the related coupling between a phenoxy
radical and an enoxy radical in natural products synthesis.3 We now report this possibly bio-
mimetic model for the facile construction of the spirocyclic diketone center of the unique

antitumor antibiotic fredericamycin A (1.).4

!

The phenolic B-diketone g§5 was prepared in five synthetic operations from 3,5-dimethyl-

phenol in 187 overall yield as in Scheme 1. The dianion of 3,5-dimethylphenol (KH in THF at
0°C, then 1.2 eqts of n~Buli in hexane at 0°C, 20 m)6 was reacted at -78°C with allyl chloride,
followed in 3 hours by quenching at 0°C with methyl chloromethyl ether to give O-methoxymethyl-
3-(4'-butenyl)~-S-methylphenol. Reaction with excess BHB'SMe2 (0°C, 4 h) then with alkaline
HZOZ gave the corresponding alcohol which was directly oxidized (PDC, 3.5 eqt, DMF, 0°C, 18 h)
to the arylbutyric acid, mp 54-56°C. The corresponding ester was condensed with dimethyl

phthalate7 to yield the diketone 2a as colorless flakes from methanol, mp 123—124°C.8
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Treatment of 2a at 0°C in 0.5 M NaZCO3 with 6 eqts of 0.5 M 1(3Fe(CN)2’9 and workup
after 10 min using citric acid gave in 677 yield the pale yellow para-coupling product 3

mp 253—254°C,10 1
Differentiation between these regioisomers was facilitated by the 0.5 ppm upfield shift of

the Ar—CH3 signal of para product 3 (§ 1.73) relative to either 2a (8§ 2.23) or 4a (§ 2.26)

and 87 of the desired colorless ortho-coupling product 4a, mp 221-113°C.

as a result of shielding in 3 by the newly proximate, perpendicular aryl ring (cf. Scheme 2).
Attempts to modify the cyclization regiochemistry by the use of higher pH or other

oxidantSZb (e.g., MnOZ, FeCl3, VOF3—TFA, VOCl3, Tl(CF3COZ)2’ CuC123), failed to produce
either cyclization product. We therefore reacted our phenolic arylbutyrate ester with IC1
in acetic acid (1.0 eqt, 8°C, 30 m) to give 937 of the corresponding p-iodo ester.12 This
was condensed with dimethyl phthalate to give 45% of iodo diketone 2b, mp 159~161°C (dec).13
Oxidative coupling as described produced 467 of a single spirodiketone, mp 157-160°C (dec),
assigned structure 4b because of the close correspondence of its spectra [IR(CDC13): 1740,
1704 cm_l; 1H—NMR(CDCla): 2.36(3H,s), 2.47(2H,t,J=7.6 Hz), 3.27(2H,t,J=7.6 Hz), 6.43(1H,s),

7.88(2H,m), 8.02(2H,m)] with that of the minor product 4a from the earlier cyclization
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Deiodination of 4b could not be selectively carried out using H,-catalyst systems

2
because of competing reduction of the 1,3-dione unit. Although 4b was inert to Bu,SnH

under the usual conditions,14 selective reduction of iodine was achieved photochemically.15
Thus irradiation of 4b in isopropanol containing excess NaOAc, using a 140 W. Hanovia UV
source in a Pyrex reaction vessel at 60-70°C for 10 hours, gave 597 of the desired ortho-
coupled spirodiketone 4a accompanied by 257 of recovered 4b.

These preliminary studies suggest that such mild phenoxy-enoxy coupling could
serve to construct the spirodiketone center in a total synthesis of fredericamycin A

from appropriate precursors.l6
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